2 across a project. We conclude with suggestions on using frameworks in conjunction with participatory evaluation to build capacity and strengthen relationships among project participants.
3 questions have important resource implications for any project and require active design and management of the social system of the ICM initiative itself.
Just as biophysical models enable visualization, interpretation, and testing of hypotheses about biophysical systems, social frameworks that describe and unravel complex interactions in ICM can be useful tools to help project leaders and participants understand the social system in which they operate. They can be used to introduce new relevant social theories to the integrated catchment initiative, as well as prompt questions and stimulate discussions on how to make progress. Frameworks can also be the basis to an evaluation process designed to review programme achievements. We propose that frameworks can be useful to ICM initiatives in three ways: (1) to make sense of the social and management context of a project, (2) for designing strategies to meet social process needs such as communication across many groups, and (3) as the basis for evaluating the effectiveness of the project with a view to improving it.
The next sections of this paper outline three frameworks and their use within ICM Motueka research. ICM Motueka research was a 10-year multidisciplinary research initiative based in the South Island of New Zealand. It was designed to improve the management of land, freshwater and coastal environments in catchments with interacting, and potentially conflicting, land uses. Multiple research and resource management agencies have been involved in the programme. Its distinction as a research programme was its intention to not only provide research information to catchment management agencies, but also to influence the integrated nature of management. For detail about the ICM programme see Fenemor et al. 
(this issue).
This section begins with an outline of the three frameworks and then discusses their use within ICM Motueka research. The paper concludes with the potential of linking frameworks with participatory development evaluation to help participants across the project as a whole grapple with the challenges of integration.
Use of frameworks in ICM Motueka Research
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Over 10 years the ICM Motueka research programme explored the value and content of frameworks for successful ICM application. It used different social frameworks to generate ideas, and develop strategies. Significant among these were the ISKM (Integrated Systems for Knowledge Management) framework (Allen & Kilvington 2002; Allen & Jacobson 2009 ), the Orders of Outcomes model (Olsen 2003) , and the Social Spaces framework outlined in this paper and first discussed in Kilvington & Allen (2007) . These frameworks each offer something different to the challenge of managing long-term multi-stakeholder ICM initiatives. ISKM is a framework for understanding the different steps required in a long-term-engagement approach to adaptive management in catchments and other integrated resource management fields; Orders of Outcomes (Olsen 2003 ) is a generic logic model for integrated catchment management that assists planning for the different levels of outcome that can be expected in projects over time. The Social Spaces framework visualizes how the diverse communication and information exchange that take place simultaneously between different groups in a complex ICM initiative can contribute towards successful ICM outcomes.
ISKM framework
ISKM was first developed during a long-term, multidisciplinary research programme in the highly contested and often polarized area of high country management in the South Island of New Zealand (Bosch et al. 1996; Allen et al. 1998) . The focus of the ISKM framework ( Fig. 1) is to provide an organized set of principles that guide engagement in real-world problem situations. It can be regarded as a project management process for developing and sharing information when participation of multiple actors and a situation of high complexity demand a focus on systems thinking, collaborative decision-making, and experiential learning.
The ISKM framework is designed around the steps of adaptive management. Two phases are involved: the first supports finding out about a situation and the second aims to take action to improve the situation. As Allen and Jacobson (2009) explain, activities associated with the first phase (1) establish a climate for change with the different parties involved, (2) set goals and objectives (including joint problem framing), (3) search for information, (4) develop a 5 shared understanding, and (5) create action plans to address the issue at hand. Monitoring plans also need to be developed to track progress and help ensure that the action plans remain valid and on course. The final activity in this first phase of ISKM involves the development of a management information system for the benefit of the wider community of stakeholders.
Computer technology is often relevant at this stage as it offers ways of organizing information that is easily accessible to a range of audiences.
The second phase of ISKM stresses the need to develop feedback loops or pathways for using the subsequent monitoring and evaluation information to generate new problem definitions and set next-stage plans. This is essential to support a collaborative-learning, self-improving environment.
Figure 1
Key phases of ISKM (Allen & Kilvington 2002) .
Orders of Outcomes framework
Developing the range of social, biophysical and institutional outcomes that support evidence of good policy and practice in complex social and environmental situations is challenging, 6 not least because results in these areas can take some years to materialize (Allen & Apgar 2007 succession so these build on each other over time (Fig. 2) . The model also reminds us that changes will show up differently at different scales. The Orders of Outcomes model defines differing levels of outcomes and their expected logical sequence for achievement in complex situations such as ICM (Fig. 2) . It helps managers plan activities so these build on each other over time. Olsen's (2003) This review showed a wide range of activities, with multiple actors, were already happening in the programme. These included face-to-face meetings, newsletters, online networking sites, workshops, field trips and group meetings. It also exposed that, as is characteristic of a complex, adaptive system (Rittel & Webber 1973) , it was unpredictable and to some seemed quite messy. With different projects at different stages, people frequently made new connections and took existing relationships in different directions. This richness of opportunities for networking is one of the primary engines for integration. However, it also leads to questions about how to respond to the many different opportunities for communicating within the programme, and how to know whether current efforts are building the social learning capacity of the programme. Finding some means by which the programme participants could assess the merit of the different avenues for engagement, and track progress, was clearly important.
From the review a framework was derived that combined theory about important elements in 
Space 1: The research collaboration (interdisciplinary) space
This space encompasses the relationships between the research partners from different disciplines and institutions. The goal of this space is to promote integrated work across disciplines and between institutions in order to build the research understanding of the catchment environment (see also Allen et al. 2011 this issue) . The focus for the communication and interaction activities in this space therefore is to build a good collaboration environment. Important issues include: how research projects are organized, resource allocation, intellectual property agreements, establishing the roles and protocols of research, agreeing outputs and understanding working relationships. The challenge in this space is to create opportunities for different disciplines and institutions to collectively shape a research agenda and to grapple with different perspectives on catchment management research.
In the ICM Motueka research a number of activities supported the communication and collaboration goals of this space. They included regular meetings between all researchers (not just programme and project leaders) particularly at the programme's annual general meeting.
Also, the online workspace Confluens was designed to be a forum for discussion between participants from different institutions to debate and share ideas and resources.
Space 2: The transdisciplinary space
Space 2 is where research connects with real-world problems and may be regarded as the heart of any ICM initiative. It is here termed 'the transdisciplinary space' because its focus is on knowledge building around complex catchment management issues using the collective experiences and understandings of stakeholders from a range of technical and practitioner backgrounds (see also Allen et al. 2011 this issue) . The goals of this space are to enable collaborative interpretation of both science-and non-science-generated information, and the development of ideas through negotiation. This requires the cultivation of opportunities for dialogue between technical experts, landowners, resource users, tangata whenua, sector groups, and others.
Activities in this space need to be designed with an awareness of key factors inherent in good learning environments (Allen et al. 1998 ). These include: clearly identified issues around which there are diverse viewpoints, and which have bounded conflict; and discussion processes that investigate existing assumptions and foster ability to integrate new knowledge alongside existing ideas. Also important is capacity for systems thinking, given the focus of inquiry is to develop management approaches responsive to the complexity of a catchment system.
Capacity for individuals and organizations to work in Space 2 takes time to develop.
Successful interactions in this space depend on high levels of trust, strong networks, and facilitated situations that encourage participants to work hard at processing information. A number of initiatives in ICM Motueka research were aimed not simply at meeting the needs of this space per se but as an investment in developing the abilities of programme participants to successfully engage in transdisciplinary work. These included the Community Reference
Group -an informal forum that promoted new ways for researchers, resource users, and landowners to share knowledge (Allen et al. 2011 this issue) . 
Using frameworks to support ICM initiatives
Frameworks such as those outlined above are a useful way of introducing new relevant social theories to the ICM initiative. These can include ideas about how groups learn, how to structure participatory processes, new approaches to governance, or group dynamics. They can be used by those planning and running an ICM initiative to prompt general questions such as 'what does this framework suggest about ways to engage people on catchment management issues?' In this way frameworks become part of the overall conversations around programme design and implementation.
Overall the three frameworks discussed here each met different needs for understanding and supporting the social process of ICM projects. They can be used throughout an ICM initiative but can be particularly valuable in early planning stages. Table 1 This ongoing use of different frameworks is typical of complex long-term initiatives that require some planning at the outset but also need capacity to be responsive as situations change and new challenges emerge. However, one of the main questions facing ICM project leaders is how to structure discussion so as to involve other programme participants. One option is to use these frameworks as the basis for a participatory, developmental evaluation process designed to both review what the programme is achieving, and encourage thinking about creative new directions. 
Linking frameworks to participatory evaluation
Using frameworks in evaluation means they become a new lens for project managers, participants and stakeholders to examine how the project's social system is functioning and to critique and interpret the value of their current strategies and to make plans for future actions.
In this way they become part of a developmental process that builds capacity within the programme (Morgan 1999; Brickmayer and Weiss 2000) . For example, using participatory processes in a developmental way, such as workshops that invite stakeholders from across the project, not only improves the shared understanding of the project among participants but also builds capacity within the project for dialogue and reflection (Fetterman 2002 )-which are critical components of integrated environmental management (Keen et al. 2005 ).
Importantly we are using the definition of evaluation that encompasses any structured process of reflection and consideration (rather than the more limited definition of evaluation that refers to assessment of merit and judgement). There are many ways to involve participants in developmental evaluations, and we discuss the merits of the three different approaches used here.
ISKM evaluation-the checklist approach
In 2006 the ISKM framework ( Fig. 1 ) was used as a basis of an evaluation exercise in an aquifer research programme (Integrated Research into Aquifer Protection, IRAP) that was designing a model to predict nitrate leaching from different land uses to support resource management decision-making (http://www.irap.org.nz).
The IRAP programme and ICM Motueka research were both collaborations that operated at multiple levels, between researchers, between institutions, across disciplines and between the potential end-users of science and the science providers. As such they shared a common need for understanding, planning and maintaining these relationships and moreover for advancing the development and effective use of new knowledge. In the interests of promoting a collective appreciation of how the different elements of the IRAP collaboration and tool development were progressing, a participatory evaluation process was designed based on the ISKM framework. A checklist of prompts and questions (see Table 2 ) were used in a facilitated exercise held with the IRAP programme's End User Advisory Group. The overall purpose of the evaluation exercise was not to judge the programme but rather to enable programme participants to consider different aspects such as the interactions between the end-users and the researchers of the programme and raise issues they thought needed further work.
The checklist evaluation began by identifying the goals of IRAP; and then covered four areas of the operation of an integrated research programme based on ISKM . These were:
 Entry and contracting (who is and should be involved in the programme and how they are brought in)
 Accessing relevant data, information, and knowledge (drawing together relevant information from different parties)
 Dialogue and negotiation (processes of making sense of different participants' contributions)
 Implementation and review (ongoing development of IRAP tools)
A final section, entitled 'building the climate that makes it work', covered issues particularly important to the IRAP programme. A key concern for the regional authorities involved in the programme was that there would be widespread acceptance of the IRAP toolkit given its proposed use in the development of policy that would affect the farming practices of landowners. How well aware are you of the key political and strategic relationships necessary to ensure the IRAP models are trusted? Are there effective mechanisms for communicating learning from IRAP to wider audiences?
The evaluation process was undertaken with an end-user group of project participants. It was based around a 2-hour facilitated workshop session. Some of the group were interested in the topic, and others were vocal that it was a distraction from programme activities. Nonetheless, some concerns were identified at the session, and these were taken by the participants back to the programme governance group so that the programme could address them. Participants were particularly interested in issues regarding the IRAP programme's capacity to communicate with wider audiences. However, overall the participatory evaluation process using the checklist based on the ISKM framework was not as generative of discussion as the facilitators had hoped. In the final section we discuss possible reasons for this and the importance of matching different types of participatory evaluation processes to the needs of programmes and participants.
Orders of Outcomes-using logic models
The Orders of Outcomes framework was developed by Olsen (2003) for coastal management, and was identified by the ICM team as being applicable to catchments. The first case-study application in New Zealand was undertaken in Auckland to evaluate integrated catchment management plans (ICMPs) in Auckland, which are used to manage the adverse effect of storm water quality, flooding and associated issues (Feeney et al. 2008) . Storm water has the single biggest impact on Auckland's marine ecosystems and urban streams, which in turn has adverse impacts on the social, cultural and economic values of the regional community (Boston Consulting Group 2004) . In 2007, after several ICMPs have been prepared by territorial authorities in the region, the Auckland Regional Council considered it timely to evaluate progress and sought to develop an evaluation programme using the Orders of Outcomes framework (Hellberg et al. 2009 ).
A logic model was developed by the ICMP work stream team that described the vision, inputs, outputs and outcomes based on an Orders of Outcome classification. The resulting model illustrates that the Auckland Regional Council ICMP team has a lot of influence over its activities to deliver the 1st Order (enabling) outcomes (Hellberg et al. 2009 ). This can be seen as representing programme efficiency. However, the team has far less control over the 2nd Order (changes in practice) and 3rd Order (harvest) outcomes. The logic model also revealed the necessary assumptions that underlie a programme seeking environmental and behavioural changes, such as the roles good relationships and shared understanding built up through personal contact play in developing high quality plans and outcomes.
The ICMP Orders of Outcome evaluation also illustrates how using a participatory process can contribute to supporting the wide engagement that is needed for successful catchment 
Social Spaces-as an evaluation & planning tool
Following the development of the Social Spaces framework several points of reflection emerged that could be discussed by programme participants and leaders-helping increase understanding of the way to manage an ICM initiative (Table 3) . 
Observations on the different participatory evaluation approaches
The three framework evaluations each used different participatory processes to support reflection. While each process had the potential to stimulate discussion among participants about different aspects of the ICM initiative, the processes used in conjunction with the Social Spaces framework and the Orders of Outcome logic model were arguably more successful than the ISKM framework evaluation in the IRAP programme. Likely contributors to this were differences in the kind of participatory inquiry, participants' previous experience with participatory processes and group reflection, and trust and familiarity among participants. Storytelling (used in the Social Spaces evaluation) encourages appreciation and ownership, which are key factors that support good critical reflection. The checklist approach (used in the ISKM evaluation) in contrast could be regarded as judgemental within a group that was not experienced in critical reflection processes or comfortable with one another. In the IRAP exercise, the group that took part (the End User Advisory Group) had changed membership several times and were therefore less familiar with the programme and with each other, making a participatory evaluation based on critical review uncomfortable and hence less appropriate to their particular needs.
Furthermore in ICM Motueka research the social process specialists who worked with the framework and designed the participatory evaluation had long standing in the programme, and participants had numerous previous experiences of processes that encouraged open discussion and reflection. In the Orders of Outcome evaluation the social process specialists were deliberately brought in to provide help and were given a respected and acknowledged mandate. The key stakeholders were also happy to be active participants in their own evaluation. In IRAP the role of the social process specialist was not well established and hence another source of unfamiliarity for participants taking part in the ISKM-frameworkbased evaluation. What this suggests is that choosing participatory processes that match the skills, capacity and needs of the project at the time has an important influence on how frameworks can be used to support management of the complex social systems of ICM initiatives.
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Conclusions
The diverse communication, collaboration and engagement activities in an ICM initiative can appear messy. Managing a way through the complexity requires a balance between intuitive response to opportunity, active assessment of the social system, and monitoring and evaluation of actions. Just as biophysical models enable visualization, interpretation, and testing of hypotheses about biophysical systems, frameworks for understanding complex social interactions in ICM can be useful tools to help programme participants analyse the complex social context at the start of a project or to review what is going on as it progresses.
Any framework can provide a basis for reflection and questioning. They can be useful to ICM project leaders and participants in three ways: (1) to make sense of the social context of a project, (2) to aid design of strategies to meet social process needs such as communication and engagement, and (3) as the basis for evaluating the effectiveness of the project with a view to improving it.
Tying a framework to a participatory, developmental evaluation approach helps structure discussions about project direction so as to involve other programme participants.
Furthermore, the workshop processes used can increase participants' knowledge about the project, strengthen relationships and build capacity for dialogue and reflection, which are critical components of integrated environmental management. However, these evaluation and reflection processes must be designed to match the needs and capacity for dialogue of the ICM initiative at that time.
Specifically: the experience of the using the Social Spaces framework in the ICM Motueka research programme indicates its value as a tool for visualizing important social connections and for understanding different communication and collaboration requirements in ICM initiatives. It was used to (1) map current engagement activities and assess their fit for purpose, (2) support participants' understanding and appreciation of engagement activities in the programme, and (3) raise challenges to promote improved communication and collaboration.
Overall, management of the social complexity of an ICM initiative is reliant on a capacity for interpreting and managing social processes. While tools and frameworks are useful to project managers, they must be coupled with access to skills in assessment, facilitation, conflict management and participatory evaluation. This expertise is as important to ICM initiatives as more conventionally recognized capacity in biophysical science, and terrestrial and aquatic management.
